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Biomphalaria glabrataa b s t r a c t
The effect of concurrent infection by Echinostoma paraensei and Angiostrongylus cantonensis on the
activity of the enzymes alanine aminotransferase (ALT) and aspartate aminotransferase (AST) and
the concentration of total proteins, uric acid and urea in the hemolymph of Biomphalaria glabrata
were investigated. Additionally, histopathological studies were conducted to better understand the
dynamics of ontogenic development of both helminths in the host and the possible biochemical
effects. Co-infections by helminths and other parasites often occur due to the wide distribution of hel-
minths and the chronic nature of the infection. The biochemical parameters were measured at the
end of the seventh week after exposure. The co-infection resulted in a signiﬁcant decrease in the total
proteins concentration in the hemolymph of snails as well as an increase in the nitrogen excretion
products, these results showed that the infection leads to exhaustion of free circulating and stored
carbohydrates and the infected snails make use alternative substrates, such as free amino acids. So,
the protein degradation to release free amino acids causes a decrease in the content of total proteins
in the snail host and an amino acids deamination process, increasing the content of ammonium,
which needs to be detoxiﬁed. This occurs by increasing the urea and uric acid contents. This obser-
vation is corroborated by the increase of ALT and AST activities, enzymes directly related to amino
group from an amino acid to an a-ketoacid an important step to generate new carbon skeleton for
glucose synthesis de novo, as well as new intermediates to the Krebs cycle. Additionally, reduction
in the recovery of L3 from the co-infected group (A + E) was observed, since in this association the
burden was higher than in the other. Histopathological results showed a change in the distribution
of A. cantonensis in the presence of E. paraensei, indicating that the presence of this trematode impairs
the dynamic transmission of A. cantonensis.
 2013 Elsevier Inc. All rights reserved.1. Introduction
Biomphalaria glabrata (Say, 1818) is a gastropod with veterinary
and medical importance because it acts as an intermediate host for
many heteroxenic parasites. The participation of this snail as an
intermediate host of Angiostrongylus cantonensis (Chen, 1935)under experimental conditions has been shown (Tunholi-Alves
et al., 2013). Furthermore, studies have proven the involvement
of B. glabrata as a natural intermediate host of Echinostoma paraen-
sei (Lie and Basch, 1967). These facts associated with the excellent
adaptive capacity of this snail species in tropical regions, such as
Brazil (Paraense, 1975), suggest the risk of spread of these hel-
minths and the diseases caused by them in these regions (Mostafa,
2007; Mello-Silva et al., 2010).
A. cantonensis is a nematode parasite responsible for spreading
eosinophilic meningoencephalitis. It is relevant to public health
as well as to veterinary medicine, by affecting animals and
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2009). In recent years, eosinophilic meningoencephalitis has
spread to more regions of the world, with human infections re-
ported in Oceania (Slom et al., 2002), Europe, North America (Diaz,
2008) and South America (Thiengo et al., 2010; Maldonado et al.,
2001a). According to the World Health Organization (WHO,
1983), this helminthiasis is considered an emergent parasitic dis-
ease and Brazil is now considered an endemic area for this disease
(Caldeira et al., 2007).
Helminths of the Echinostoma genus have broad geographic dis-
tribution and are able to parasitize a wide variety of invertebrate
and vertebrate hosts. E. paraensei (Lie and Basch, 1967) infects wild
rodents in Brazil and its morphological and biological aspects have
been studied (Maldonado et al., 2001a, 2001b).
For these reasons, study of the relationship between these par-
asites species is important and can provide essential information
about the biology of their co-existence, serving as a future base
for control strategies of the diseases caused by them. Regarding
co-infection of B. glabrata by these parasite species, some points
should be considered: (i) both (adult) A. cantonensis and E. paraen-
sei are found in the same area; (ii) both parasites, under experi-
mental conditions, can infect B. glabrata; and (iii) B. glabrata
occur naturally in the same zone where the rodents are infected
by A. cantonensis and E. paraensei. So, it seems possible that the
co-infection may also occur under natural conditions.
It has been shown that infection by trematodes and nematodes
separately can change the biochemical characteristics of snails’
hemolymph (Perez et al., 1994; Bandstra et al., 2006; Tunholi-
Alves et al., 2012). The higher energy demand resulting from infec-
tion by parasites results in redirection of the metabolic pathways,
such as that of the amino acids and proteins. When infected, snails
drastically increase their mobilization of carbohydrates. The glu-
cose concentration in the hemolymph is severely reduced and
the snails resort to their reserves from the digestive gland and
cephalopedal mass.
In response to carbohydrate metabolism changes, infected
snails increase their degradation of amino acids, and consequently
of proteins, to obtain new carbon skeleton to supply the gluconeo-
genesis pathway and make the glucose synthesis de novo, as well
as new intermediates to the Krebs cycle. This has been shown to
be related to the intoxication caused by the increase in nitrogenous
products of excretion (ammonia, urea and uric acid) (Pinheiro and
Amato, 1994, 1995).
The aminotransferases are closely related to these changes
since their activity is modiﬁed in snails subjected to conditions
of physiological stress (Pinheiro et al., 2001). The aminotransfer-
ases (ALT and AST) are enzymes that catalyze the interconver-
sion of amino acids into a-ketoacids by transferring amine
groups (Moss and Henderson, 1998). Besides this, they act as va-
lid markers of tissue injury, especially in the digestive gland,
where carbohydrates are stored, proteins are recycled and
nitrogenous products of excretion are synthesized (Blasco and
Puppo, 1999).
Despite these studies, no biochemical parameters have been
reported for snails co-infected with A. cantonensis and E. paraen-
sei. Thus, considering the importance in the global epidemiologi-
cal scenario of possible co-infection by both parasites in their
intermediate host under natural conditions, the present study
aimed to analyze possible changes in the histopathology and
parameters of metabolic disorder and tissue injury of the snail
due to co-infection, by measuring the concentrations of total pro-
teins, uric acid and urea and the activity of L-aspartate: 2 oxoglu-
tarate aminotransferase (EC2.6.1.1) (AST) and L-alanine: 2
oxoglutarate aminotransferase (EC2.6.1.2) (ALT) as parameters of
metabolic changes and tissue injury (Blasco and Puppo, 1999;
Pinheiro et al., 2001).2. Materials and methods
2.1. Infective parasite forms
The isolate of E. paraensei used was obtained from Nectomys
squamipes specimens that were naturally infected, captured in
Sumidouro municipality, Rio de Janeiro state, Brazil in 2001
(220204600S, 424102100W). The life cycle had been maintained in
the Laboratório de Biologia e Parasitologia de Mamíferos Silvestres
Reservatórios – LBPMR (IOC) Fiocruz, Rio de Janeiro, by passages
using hamsters (Mesocricetus auratus) as the deﬁnitive host and
B. glabrata as the ﬁrst and second intermediate hosts.
Adult hamsters experimentally infected with E. paraensei were
euthanized in a CO2 chamber, according to the protocol approved
by the Animal Use Ethics Committee (CEUA L-074/08). The adult
worms were collected from the small intestine and transferred to
Petri dishes containing a 0.9% NaCl solution. The helminths’ uter-
uses were dissected to release eggs, which were washed and incu-
bated in dechlorinated tap water at 26 C for 14 days. After this
period, they were exposed to artiﬁcial light to stimulate hatching
of miracidia (Pinheiro et al., 2004).
The specimens of A. cantonensis used in this study were ob-
tained from naturally infected Achatina fulica snails captured in
São Gonçalo municipality, Rio de Janeiro state in 2011
(2248026.700S, 4300049.100W). The cycle of this parasite had been
maintained in LBPMR using Rattus norvegicus as deﬁnitive host
and B. glabrata as intermediate host. The ﬁrst-stage larvae (L1)
were obtained by collecting and processing the feces of experimen-
tally infected rodents (Willcox and Coura, 1989).
2.2. Experimental infection of B. glabrata and formation of groups
Three hundred B. glabrata (8–10 mm) specimens, reared from
birth in the LBPMR, were divided into ﬁve groups, each containing
60 snails. A negative control group was established with uninfected
snails. Group A contained snails individually infected by exposure
to 1200 L1 of A. cantonensis for 48 h, and group E was individually
exposed to 20 E. paraenseimiracidia for 24 h. In group A + E, the ini-
tial infectionwas by 1200 L1 A. cantonensis for 48 h and 1 week later
the group was again exposed individually to 20 E. paraensei
miracidia for 24 h. Group E + A was individually infected with 20
E. paraenseimiracidia for 24 h and 1 week later was exposed to indi-
vidual infection with 1200 L1 of A. cantonensis for 48 h.
After the experimental infection, the snails were maintained in
plastic tanks (22 cm long by 14.5 cm wide and 12.5 cm in height)
containing 3 L of dechlorinated water (changed every 2 weeks),
CaCO3 and two polystyrene plates measuring 4 cm  4 cm until
the end of the experiment, at 7 weeks. The infection of all the snails
used in this study was conﬁrmed as described below:
2.2.1. A. cantonensis
After 48 h, the snails from each group were individually exam-
ined under a stereomicroscope to detect larvae (L1 stage) in the
plates (Tunholi-Alves et al., 2011). The absence of larvae in the
plates indicated infection and susceptibility of snails under labora-
tory conditions. To demonstrate the infection rate, B. glabrata spec-
imens were randomly selected and subjected to chemical digestion
with pepsin-HCl to recover L3. The results showed an infectivity
rate above 95%.
2.2.2. E. paraensei
The snails from each group were individually examined under a
stereomicroscope to detect miracidia in the plates. Twenty-four
hours after exposure to the miracidia, there were no miracidia
remaining in the plates.
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to aquariums. Only those snails harboring E. paraensei sporocysts
in their circulatory system were selected for additional study, since
sporocysts already are visible at 2 days post infection (Loker and
Hertel, 1987).
2.3. Biochemical analysis
After 7 weeks of infection, 10 specimens from each group were
randomly chosen for dissection. The hemolymph was collected by
heart puncture and stored at 10 C until the biochemical analysis.
2.3.1. Determination of the concentrations of uric acid and urea
For determination of uric acid concentration, 50 lL of hemo-
lymph was mixed with 2 mL of dye reagent (100 mmol/L of sodium
phosphate buffer [pH 7.8] containing 4 mmol/L of dichlorophenol-
sulfonate, 0.5 mmol/L of 4-aminoantipirina, 120U 6 uricase,
4.980U 6 ascorbate oxidase, 1.080U 6 peroxidase). The mixture
was homogenized and incubated at 37 C for 5 min. The readings
were taken in a spectrophotometer at 520 nm (Bishop et al.,
1996), and the results were expressed as mg/dL.
The urea concentration was measured by adding 2 mL of a solu-
tion containing 60 mmol of sodium salicylate, 3.4 mmol of sodium
nitroprusside and 1.35 mmol of disodium EDTA. Then, 2 lL of ure-
ase and 20 lL of hemolymph were added. This mixture was
homogenized and incubated at 37 C for 5 min. The readings were
taken in a spectrophotometer at 600 nm, and the results were ex-
pressed as mg/dL (Connerty et al., 1955).
2.3.2. Determination of total proteins
This assay was performed according to the biuret technique
(Weichselbaum, 1946). A mixture of 50 lL of hemolymph and
2.5 mL of the biuret reagent (0.114 M trisodium citrate, 0.21 M so-
dium carbonate and 0.01 M copper sulfate) was homogenized and
left at 22 C for 5 min, after which the readings were taken in a
spectrophotometer at 550 nm. The results were expressed as mg/
dL.
2.3.3. Aminotransferases activities (AST and ALT)
To test for aminotransferases activities, 0.5 mL of substrate for
ALT or AST (solution containing 0.2 M L-alanine or 0.2 M L-aspar-
tate; 0.002 M a-cetoglutarate and 0.1 M sodium phosphate buffer,
pH 7.4) was incubated at 37 C for 2 min. Then, 100 or 200 lL of
hemolymph (for ALT and AST, respectively) was added, homoge-
nized and again incubated at 37 C for 30 min. After this, 0.5 mL
of 0.001 M 2,4 dinitrophenylhydrazine was added and the solution
was kept at 25 C for 20 min. The reactions were stopped by adding
5 mL of 0.4 M NaOH. The readings were taken in a spectrophotom-
eter at 505 nm (Kaplan and Pesce, 1996) and the results were ex-
pressed as URF per milliliter.
2.4. Histopathological analysis
After 7 weeks of infection, ﬁve specimens of each group were
placed in a 1% sodium pentobarbital aqueous solution for 4 h. Then
the soft tissues were removed and placed in Carson’s Millonig for-
malin, where they remained for 24 h. After this time, the material
was dehydrated in increasing concentrations of ethanol, diaphan-
ized with xylene and embedded in liquid parafﬁn at 60 C (Tolosa
et al., 2003). The inclusion was done to allow observation of longi-
tudinal sections of the snail’s body structure. Subsequently, 5-lm
thick serial sections of were obtained with a Leica RM2125 micro-
tome. The material was stained with hematoxylin–eosin (HE) for
histopathological analysis. The histological sections were viewed
through a Zeiss Observer Z1 light microscope and the images werecaptured by a Zeiss Axio Cam HRc camera and processed using
Axio Vision Rel.4.7.2.5. Infectivity analysis
The cephalopodal masses of ten snails from each group infected
with A. cantonensis, obtained 49 days after infection, were individ-
ually fragmented and digested in a 0.7% HCl solution for 6 h and
subsequently subjected to the method of Baermann and Moraes
(1948) for L3 recovery. The larvae were counted with the aid of a
stereoscopic microscope and a manual cell counter.2.6. Statistical analysis
The results obtained were expressed as mean ± standard devia-
tion, and the Tukey test and ANOVA were used to compare the
means (a = 5%; InStat, GraphPad, v.4.00, Prism, GraphPad, v.3.02,
Prism, Inc.).3. Results
The uric acid and urea levels, the aminotransferases (ALT and
AST) activity and total protein contents in the hemolymph of con-
currently infected snails and positive and negative controls are
shown in Fig. 1A–E. There were signiﬁcant differences in all the
parameters analyzed between the infected groups and uninfected
control group.
Infected snails showed changes in the metabolism of nitroge-
nous products of degradation/excretion, causing a signiﬁcant in-
crease in uric acid concentration in group E (46.92 ± 6.03), group
A + E (52.89 ± 3.50) and group E + A (53.91 ± 5.18) compared to
group A and the negative control. Group A showed a signiﬁcant de-
crease (19.66 ± 0.84) in nitrogen concentration compared with the
other groups (Fig. 1A).
The concentrations of urea in the hemolymph of infected snails
increased signiﬁcantly in group E (4.88 ± 0.28), group A + E
(4.91 ± 0.11) and group E + A (4 93 ± 0.03) compared to group A
and the negative control (Fig. 1B).
Regarding the activity of ALT, the E + A group (68.56 ± 1.05)
showed a signiﬁcant increase compared with the other groups.
Groups A + E (52.10 ± 13.97), E (36.49 ± 3.18) and A (35.69 ± 0.76)
showed a signiﬁcant increase in relation to the negative control
group, but there was no signiﬁcant difference between them
(Fig. 1C).
The AST activity in group A + E (70.19 ± 2.82) was highest, fol-
lowed in decreasing order by group E + A (68.58 ± 1.68), group E
(46.63 ± 3.60), group A (34.19 ± 1.43) and the negative control
group (22.39 ± 0.68) (Fig. 1D).
There was a signiﬁcant reduction the concentration of total pro-
teins in groups E (3.39 ± 0.33), A + E (3.12 ± 0.11) and E + A
(3.13 ± 0.18) and A when compared to the negative control
(Fig. 1E).
The recovery of A. cantonensis L3 larvae in group A + E (62 ± 31)
was smaller than in groups E + A (256 ± 80) and A (224 ± 73)
(Fig. 1F).
Both infective forms were observed in different parts of the
snail body (Fig. 2). In the E group, rediae were observed in the muf-
ﬂe, kidney, on the wall of the mantle cavity, the digestive gland and
ovotestis. In the groups with co-infection, both parasites were ob-
served in the kidney and the mantle cavity near the heart. In this
group it was also possible to ﬁnd parasites in separate sites.
E. paraensei was observed in the kidney, the intestinal lumen and
wall and A. cantonensis was found in the ovotestis (Fig. 2).
Fig. 1. Variation in the uric acid and urea (mg/dL), ALT and AST activity (UFR/mL), total protein (mg/dL) contents in the hemolymph and recovering L3 of Biomphalaria glabrata
experimentally infected. Means followed by different letters (a–d) did differ signiﬁcantly (a = 5%). A = Angistrongylus cantonensis and E = Echinostoma paraensei.
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In nature, snails are often found harboring multiple infections
and E. paraensei is found in the same environment as A. cantonensis,
as well as B. glabrata. So, the analysis of metabolic changes in snails
co-infected with E. paraensei and A. cantonensis can bring informa-
tion about the response of the host to parasitism under conditions
similar to those found in nature.
According Tunholi-Alves et al. (2013), the development of the L2
stage of A. cantonensis in the digestive gland of B. glabrata occurs
around the second week post infection. Tunholi et al. (2013),
studying the B. glabrata/E. paraensei interface, found that rediae
are present in the digestive gland–gonad complex of the snail host
for about 7 days after infection. Thus, as the kinetics of co-infection
adopted in this study occurred at a 1-week interval, this period
would allow the concomitant formation of the L2 and rediae stages
of A. cantonensis and E. paraensei, respectively, in the digestive
gland of B. glabrata, explaining the lower recovery rate of L3 stages
of A. cantonensis. However, this was not observed in group E + A,
due to the previous formation of rediae of this echinostomatid in
the digestive gland of B. glabrata. This stage is characterized by
the presence of a primitive mouth, pharynx and intestine, enabling
the larva to feed directly on tissues of the host’s digestive gland
(Fried and Huffman, 1996), resulting in intense cellular disorgani-
zation and loss of normal physiological functions of this site. This
inter-speciﬁc competition for nutrients induces the nematode lar-
vae to develop newmigration routes, especially the mufﬂe and kid-
neys, tissues specialized for the storage of energy reserves like
glycogen, essential to ensure their development.Tunholi-Alves et al. (2013) studied the B. glabrata/A. cantonensis
interface and showed histopathological results from the presence of
larvae (L3) in the digestive gland of the host. However, in this study,
we did not ﬁnd the presence of larval forms of A. cantonensis at this
site, supporting our hypothesis. According to those authors, the
infection resulted in the activation of protein catabolism by altering
the pattern of excretion in the host snail. The samewas observed by
Tunholi et al. (2011), who studied the relation of B. glabrata and
E. paraensei. Our results demonstrate that co-infection by helminths
both increased the rate of deamination of amino acids and in-
creased the hemolymphatic concentrations of urea and uric acid.
In this circumstance, the intense depletion in the carbohydrates re-
serves led the host snails to use other sources than glucose for en-
ergy, such as amino acids (Pinheiro et al., 2009; de Souza et al.,
2000). In addition, the results here show that the trematode infec-
tion induced more severe changes in the host compared to A. can-
tonensis infection. This can be explained not only by the higher
deamination rate of amino acids in the hemolymph, but also by
the accumulation of nitrogenous products of degradation (urea
and uric acid). This variation came from the biological characteris-
tics related to the intramolluscan development of the helminths,
since intense asexual multiplication occurred in E. paraensei but
not in A. cantonensis.
Concurrently, increases in the activities of both aminotransfer-
ases (ALT and AST) were observed in all infected groups, with high-
er values in the co-infected snails. The same phenomenon has been
mentioned by the authors in differentmodels of infection (Manohar
et al., 1972; Pinheiro et al., 2001). Aminotransferases perform a crit-
ical role in linking carbohydrates and proteins/amino acids during
Fig. 2. Histological section of Biomphalaria glabrata co-infectedly with Angiostrongylus cantonensis ( ) and Echinostoma paraensei ( ). (A) Presence of Angiostrongylus
cantonensis and Echinostoma paraensei in the kidney region. Scale bar: 10 lm; (B) rediae of Echinostoma paraensei in the intestinal lumen and larvae of Angiostrongylus
cantonensis in the gut wall surrounded by hemocyte reaction. Scale bar: 10 lm; (C) Angiostrongylus cantonensis and Echinostoma paraensei situated in the region, close to the
heart. Scale bar: 10 lm; (D) section of digestive gland containing rediae of Echinostoma paraensei. Scale bar: 10 lm; (E) section nidamental gland and intestinal segment
showing inﬂammatory inﬁltrate and granulomas with larvae of Angiostrongylus cantonensis in the wall of these organs. Scale bar: 10 lm; (F) detail of indicating a perilarval
granuloma. Scale bar: 5 lm; (G) granuloma with L3 in mufﬂe. Scale bar: 10 lm; (H) granulomatous reaction involving several L3 near the intestine Scale bar: 5 lm.
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(Moss and Henderson, 1998). Other authors have validated the
involvement of these enzymes as markers of tissue injury, espe-
cially in the digestive gland, where carbohydrates are stored, pro-
teins are recycled and nitrogen excretion products are formed
(Blasco and Puppo, 1999). Thus, the signiﬁcant increase observed
in aminotransferases levels, especially in the co-infected groups,
can also be explained as due to cell damage caused by themigratory
behavior of both helminths during intra-snail development.
This study reports the ﬁrst pathophysiological analysis of co-
infection with E. paraensei and A. cantonensis effects in B. glabrata.
Our results show that the physiological changes evaluated are
more intense in co-infection, as a consequence of the additive ef-
fect of helminths, regardless of the infection kinetics involved.
Additionally, the trematode infection was more deleterious to thehost organisms than infection by one nematode species. This out-
come depends on the biological characteristics of helminths during
the intra-snail stage, since during ontogenic development of
E. paraensei, intense asexual reproduction occurs, unlike in the case
of A. cantonensis. Moreover, the histopathological results indicate
that the kinetics (group A + E) directly inﬂuenced the rate of recov-
ery of infectious forms of A. cantonensis, inﬂuencing the transmis-
sion dynamics of neural angiostrongyliasis.
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